We isolated seven additional polymorphic microsatellites from the crown-of-thorns starfish, Acanthaster planci. These loci provide one class of highly variable genetic markers, as the number of alleles ranged from 5 to 13 and the observed and expected heterozygosities ranged from 0.083 to 0.957 and from 0.082 to 0.872, respectively. After Mann-Whitney test, there was no significant difference in the number of alleles, the PCR efficiency, and the observed and expected heterozygosities between the newly developed 7 markers and the previously reported markers. We consider that these loci are potentially useful for detailing the genetic structure and gene flow among A. planci populations.
Outbreaks of the coral-eating starfish, Acanthaster planci (L.), have extensively devastated reef-building corals throughout the Indo-Pacific Ocean (Birkeland & Lucas 1990) . Since this starfish has high fecundity, increased larval survival of A. planci can result in population outbreaks (Lucas 1982) . The first or independent appearance of outbreak is called primary outbreak, whereas its succeeding outbreaks, which may be caused by larval dispersal of the other outbreak population, are called secondary outbreaks. Although the importance of the larval pathway for understanding the outbreak mechanism has been discussed, the paucity of effective methods has hindered researchers from estimating the larval dispersal pathway. In the past few years, we have dedicated ourselves to developing some indirect methods to reveal the larval dispersal path of A. planci, i.e. sequencing the complete mitochondrial genome (Yasuda et al. 2006a ) and development of 9 microsatellite markers of this species (Yasuda et al. 2006b) . A preliminary study showed that utilization of microsatellite markers is one of the promising approaches to reveal the larval dispersal pathway (Yasuda unpublished data) . However, some of the markers gave either too many null alleles, misleading bands or excrescent ghost bands when a large number of samples were examined. Therefore, we considered that development of additional microsatellite markers is of great significance for revealing more precise genetic structure and gene flow of this species, and, of course, for parentage analysis to identify their natal reef. In this paper, we describe the result of the development of seven additional microsatellite markers, which are sufficiently variable to allow population genetic study for A. planci.
Extraction of genomic DNA and the method for isolating the microsatellite loci were followed by the previous methods (Yasuda et al. 2006b ). The genomic DNA was first extracted from the ethanol preserved tube foot by a DNeasy Tissue Kit (QIAGEN), and then it was purified using modified cetyltrimethylammonium bromide (CTAB) method (Lian et al. 2001) . We isolated microsatellite regions from A. planci after using a dual-suppression polymerase chain reaction (PCR) technique (Lian & Hogetsu 2002 , Nagai et al. 2004 ). The DNA was separately digested with AfaI, AluI, DraI and HaeIII bluntend restriction enzymes. The DNA fragments were then ligated with a blunt adaptor, using a DNA Ligation Kit (Takara-Bio). Then the ligated fragments were treated with ddGTP using Ampli Taq Gold Kit (Applied Biosystems).
As the first step, fragments flanked by a microsatellite at one end were amplified by the (AC) 10 or (GA) 10 primers and the adaptor primer designed from the longer strand of the adaptor. The amplified fragments were cloned and sequenced. Of 293 sequenced positive clones, 47 fragments containing the (AC)n or (GA)n microsatellite sequences at one end were obtained.
Next, a primer IP1 designed from the sequenced region flanking the microsatellite and, for nested polymerase chain reaction (PCR), another primer IP2 based on the sequence between IP1 and the microsatellite were prepared. From 26 of 47 fragments, IP1 and IP2 primers were successfully designed. The primary PCR reaction was conducted with each constructed DNA library using IP1 and AP1 primers. The sec-Plankton Benthos Res 2(2): [103] [104] [105] [106] 2007 Seven new microsatellite markers for crown-of-thorns starfish Acanthaster planci NINA YASUDA 1 *, SATOSHI NAGAI 2 , MASAMI HAMAGUCHI 2 & KAZUO NADAOKA 1 ondary PCR reaction was conducted with a 100-fold dilution of the primary PCR products using IP2 and AP2 primers, as nested PCR dramatically improves the success rate of amplifying the microsatellite flanking regions. The single-banded fragments were sub-cloned and sequenced. Primer IP3 was designed for each locus between the AP2 binding site and the microsatellite. Primer pairs IP1/IP3 or IP2/IP3 were used as microsatellite markers. The sequences flanking the microsatellite were successfully sequenced for 9 of the 26 fragments obtained in the first step.
To examine the PCR amplification effectiveness of the 9 primer pairs developed, we performed PCR on a thermal cycler (PC-808, ASTEC) in a reaction mixture (10 mL) using Ampli Taq Gold (Applied Biosystems). The PCR cycling conditions were as follows: 10 min at 94°C, 38 cycles of 30 s at 94°C, 30 s at 60°C (primer-specific annealing temperature), and 1 min at 72°C, and a final elongation for 5 min at 72°C. To characterize the developed microsatellites, we screened DNA samples of 48 individuals, which were collected from the Sekisei lagoon (n=24) and a reef of Tokashiki Island (nϭ24) in the Ryukyu Islands, Japan. To check the performance of the new markers, we compared the number of alleles per locus, the PCR efficiency, the observed and expected heterozygosities with the data obtained using the microsatellites previously developed by Yasuda et al. (2006b) . PCR products were denatured, and then electrophoresed on 6% Long Ranger sequencing gels (Cambrex Bio Science) using the Gene-Scan 3000 (Corbett Robotics). Alleles were determined according to a size marker (GeneScan-350, Applied Biosystems).
Of the 9 primer pairs, 7 were available for PCR amplification; the remaining two were rejected due to the occurrence of unexpected PCR bands. Primer pairs for amplification of the newly developed 7 polymorphic microsatellite regions are listed in Table 1 , and characteristics of the 7 markers and the previously reported 9 markers are also shown in Table 2 and   Table 3 . In the 7 new microsatellite markers, all but 2 loci (Maki12 and Sayo01) occasionally yielded no visible PCR band in some individuals, which was possibly due to the presence of null alleles at these loci or presence of inhibitors in template DNA. The numbers of alleles at the 7 loci were 3-10 with an average of 6.3 in Ishigaki population, and 2-11 with an average of 6.0 in Tokashiki population, respectively. CERVUS version 2.0 (Marshall et al. 1998 ) was used to calculate the observed and expected heterozygosities and the null allele frequency. Deviation from Hardy-Weinberg equilibrium (HWE) and linkage disequilibria between loci were tested with the Arlequin ver. 3.01 (Excoffier et al. 2005) . The observed and expected heterozygosities were 0.208-0.875/0.199-0.868 (Ishigaki) and 0.083-0.957/0.082-0.872 (Tokashiki). The null allele frequency ranged from Ϫ0.207 to 0.035 (Ishigaki) and Ϫ0.227 to 0.060 (Tokashiki), respectively. After Bonferroni correction, no significant deviation from HWE and no linkage disequilibria between loci were detected in either population (pϾ0.05).
In the 9 microsatellite markers previously reported, all but one locus Yukina08 occasionally yielded no visible PCR band in some individuals. The numbers of alleles at the 9 loci were 3-15 with an average of 8.3 (Ishigaki) and 3-14 with an average of 8.1 (Tokashiki). The observed and expected heterozygosities were 0.083-0.913/0.230-0.900 (Ishigaki) and 0.083-0.913/0.082-0.902 (Tokashiki). The null allele frequency ranged from Ϫ0.081 to 0.453 (Ishigaki) and Ϫ0.081 to 0.271 (Tokashiki), respectively. After Bonferroni correction, no significant deviation from HWE was found (pϾ0.05) and two pairs of loci were significantly linked: Yukina06 with Tama11, Yukina01 with Maki03 (pϽ0.01). No significant differences were detected between the two populations in terms of the parameters, using the new 7 markers and the 9 markers previously reported, the number of alleles and the PCR amplified samples and the observed and expected heterozygosities Using GENEPOP version 3.4 on the web (Raymond & Rousset 1995) , genetic differentiation for the pair of population at the new and previously reported markers was performed using Fisher's test. The result by the new markers showed more significant genetic differentiation between Ishigaki and Tokashiki populations (pϭ0.01378) than that by the markers previously reported (pϽ0.0001), suggesting that the new 7 microsatellites have the potential to more precisely reveal A. planci genetic structure. 
